Genetic variation in 60 isolates of Xanthomonas oryzae pv. oryzae (Xoo), the causal agent of rice bacterial blight disease, investigated using random amplifi ed polymorphic DNA (RAPD) markers. All of 60 strains isolated and characterized through 2006-2008 in Guilan province. Three populations: a) isolates from nursery, b) isolates from fi eld, and c) isolates from panicle studied. Eight decamer primers of RAPD amplifi ed 187 polymorphic bands. The largest and smallest fragments generated by 80.7 and OPA10 primers, respectively. The minimum amount of polymorphic information content was related to OPA12 primer (0.36) and the maximum amount of that was related to OPA10 primer (0.44). Analysis of molecular variance (AMOVA) of data from RAPD analysis showed that the genetic variation within Xoo populations was greater than between populations. The similarity matrix conducted by Simple Matching coeffi cient and cluster analysis made by unweighted pair group method (UPGMA) with NTSYS-pc soft ware. At a similarity index of 0.6 the isolates were grouped into 3 clusters. These results revealed that the RAPD markers used in this study could differentiate nursery and fi eld isolates from each other.
INTRODUCTION
Bacterial Leaf Blight of rice (Oryzae sativa), caused by Xanthomonas oryzae pv. oryzae (ex Ishiyama 1922) , is an important disease throughout Asia (Mew et al., 1993) . It is a vascular disease whereby Xoo continues to grow until the xylem vessels are clogged with bacterial cells and extracellular polysaccharides (Gang et al., 2009) . Yield losses of 10-20% are common and losses of 50-70% have been recorded in severely infected fi elds (Mew et al., 1993; Nei, 1987) . The use of resistant cultivars is the most promising control method against the disease. Furthermore, the diversity of races in Xoo is remarkable. More than 30 races of different virulence have been reported worldwide (Ochiai et al., 2000; Gonzalez et al., 2007) . In order to guide the selection and deployment of resistance genes, the population structure of pathogen needs to be understood. Population structure refers to the amount of genetic diversity within a population, the phylogenetic relationships within and among subpopulations and the partitioning of variation in time and space. Different genetic ways and markers have been used in order to investigate genetic diversity of Xoo. A repetitive DNA sequence, PJEL101 isolated from Xoo genome, was used to assess the genetic variability and population structure of Xoo from the Philippines (Leach et al., 1990; Leung et al., 1993) . Gang et al. (2009) used virulence analysis and RFLP for evaluating the population structure of Xoo from the main rice-growing region in China. Based on RFLP and pathotype analyses of more than 300 strains from different parts of Asia, using a repetitive insertion sequence (IS) element as the RFLP probe, Xoo had a high degree of diversity among different isolates (Ardales et al., 1996) . In order to investigate the level of genetic variation in Xoo, Hu et al. (2007) , used 3 DNA marker systems: RFLP of avr Xa27, RFLP of IS elements and RAPD markers. The results of the study indicated that Xoo genomes contain a high level of genetic polymorphism, which greatly facilitates the evolution of this important pathogen during interaction with its host rice plant. Jyufuku et al. (2009) characterized 57 strains of Xoo collected from rice growing countries in Asia (India, Indonesia, Malaysia, Thai, Taiwan and Philippines) using polymerase chain reaction fi ngerprinting and virulence analysis. The strains of Xoo grouped into 13 races on the basis of their pathogenicity to different international lines. Xoo collections from Asian countries were also divided into 4 genetic groups on the basis of the results from PCRbased RFLP with IS1112 primers.
At present, little information is available on the pathogen population structure in Iran and its reactions with released rice varieties. The objectives of this study were to investigate the genetic diversity of Xoo isolates from Guilan province (Iran) and the difference between 3 populations of isolates from nursery, fi eld and panicle.
MATERIALS AND METHODS

Bacterial strains and DNA extraction
A collection of 60 bacterial strains collected from various locations in Guilan province (Iran) was used in this study. We considered 3 populations consisting of Xoo from nursery (XON population, collected from rice leaves in nursery, 25 strains), Xoo from the fi eld (XOF population, collected from rice leaves in fi elds, 24 strains) and Xoo from panicle (XOP population, collected from panicles, 11 strains).
The strains were routinely sub-cultured on nutrient agar and stored as 15% glycerol stocks at -70 °C. Genomic DNA was extracted using a modifi cation of the procedure of Leach et al. (1990) . The bacterial cells were pelleted by centrifugation (3 000 × g) and resuspended in 500 μl of lysis buffer (40 mM Tris-HCl, 20 mM NaCl, 1mM EDTA, pH 7.8). After shaking the suspension for 30 s, 30μl of 20% sodium dodecyl sulfate added, and incubated at 65 °C for 10 min. Then 90 μl of 5M NaCl, and after that 80 μl CTAB 10% added. Another incubation at 65 °C for 10 min was performed. The supernatant was extracted with an equal volume of chloroform-isoamyl alcohol (24:1), centrifuged (10 000 × g for 10 min), and then mixed with a two-third volume of ice-cold isopropanol. The DNA was recovered as a pellet by centrifugation at 10000 × g for 10 min at 4 °C, and the DNA pellet was then washed twice with 70% ethanol, air-dried at room temperature and resuspended in 50 μl 1X TE and stored at 4 °C. DNA concentration and purity were assessed by a comparison with a known λ-DNA standard (50 ng/μl) on an ethidium bromide stained 0.8% (W/V) agarose gel. Also DNA of each strain was quantifi ed by absorbance at 260 nm using an UV spectrophotometer (Beckman coulter, DU 530) and stored at -20 °C. DNA concentrations were adjusted to 50 ng/μl.
RAPD primers and PCR reactions
Initially, 14 RAPD primers were screened by two randomly selected Xoo strains (XOF23 and XON24) and then 8 decamer primers were used in this study because they could generate clear and reproducible DNA fi nger printings. The name and sequence of primers is given in Table 1 . PCR amplifi cations were carried out in a fi nal volume of 50 μl overlaid with mineral oil. The reaction mixture contained 50 ng of genomic DNA, 0.4 μM of RAPD primer, 0.25 mM of each dNTP, 3mM MgCl 2 and 2 units of Taq DNA polymerase. RAPD reactions were performed in a MyCycler (BioRAD) thermal cycler. Each amplifi cation profi le consisted of one initial DNA denaturation step at 95 °C for 5 min and 45 cycles at 94 °C for 1 min, 36 °C for 1 min and 72 °C for 2 min, followed by one step at 72 °C for 5 min (Hu et al., 2007) . The amplifi ed products were separated by electrophoresis on 1.5% agarose gel in 1 X TBE buffer, stained with ethidium bromide and photographed on a UV transilluminator. To determine the genetic relationships among RAPD phenotypes, the presence or absence of bands at different positions was converted into binary data: i.e., the presence or absence of a band was coded as 1 or 0, respectively. Methods and computer programs such as NTSYS-pc, POPGENE-32 and Genalex were used for calculating the percentage of variable bands, the Shannon diversity index, simple matching coeffi cient, unweighted pair group method (UPGMA) clustering and AMOVA analysis.
RESULTS AND DISCUSSION
The number and the range of generated bands Amplifi cation with RAPD primers resulted in 20 to 27 DNA fragments per strain, allowing an average of 23.37 loci to be scored for each, and 187 total band positions were scored. The largest fragment and the smallest one were amplifi ed by 80.7 and OPK07 primers, respectively. All bands were polymorphic, the sizes of which ranged from 83 to 3 698 bp (details, see Table 2 ).
Table1: Name and sequence of primers primer Sequence 70.9 5 TGCAGCACCG 3 8 0.7 
Within-population genetic diversity
The average of observed number of alleles, effective number of alleles, Nei´s genetic diversity and S hannon's information index are presented in Table 3 . Based on results the highest level of these factors had seen in XON population. So we can say that the most within-population genetic diversity belongs to XON population because the highest level of NA, NE, Nei´s gen diversity and Shannon's information index had seen in this population. Also XOP population had the least within-population genetic diversity.
One of the reasons that may affect these results is that the numbers of strains in Xoo populations were less than two other populations. Also nursery isolates grown under plastic cover and better and more appropriate conditions were available for Xoo bacteria. In such conditions bacteria can grow and multiply increasingly and by considering the mutation and other genetic changes, within population genetic diversity can increase.
Analysis of molecular variance
The results of analysis of molecular variance for Xoo strains using RAPD is given in Table 4 . AMOVA analysis revealed that 73% of the genetic variance was contributed by within-population variation, whereas only 27% of the variance was contributed by between-population level. A factor that can be related to this result is that the strains in this study isolated from different areas. Also, some strains can remain active on the rice plant from nursery until panicle stage. Such strains can be isolated in different growing stages and this fact can decrease between-population diversity.
Genetic identity and genetic distance
Nei´s genetic identity and genetic distance (Nei, 1987) calculated was based on original and unbiased measures (Tables 5 and 6 ).
The results indicated that the most genetic distance and the least genetic identity is considered between XON population with the two others and can be an evidence of proportional differentiation of XON population from them. XOF and XOP strains have more genetic identity and are closer to each other. In fact the conditions (humidity and temperature) in which nursery strains are grown, are totally different from other stages and such conditions for fi eld strains are almost same as panicle strains. In general, high genetic identity between populations is a result of isolating the strains from a limited geographical area (Guilan province). By considering the fact that geographical distribution is a crucial factor for genetic diversity between populations, in our study genetic identity between populations would be common and related to compatibility of pathogen to the climatic condition. In addition, AMOVA analysis revealed that most of the genetic variance is contributed by within-population variation rather than by between-population variation and it is because of isolating the strains from a limited geographical area.
In order to study the genetic variation of bacterial blight pathogen, Kosawang et al. (2006) investigated 30 isolates of Xoo from different areas in northern Thailand, using AFLP. Six lineage of Xoo were identifi ed base on location. Analysis showed that diversity of pathogen is due to single fi eld and cultivars-specifi c effects. Ochiai et al. (2000) analyzed 60 strains of Xoo from Sri Lanka using RFLP. Bootstrap analysis revealed that Sri Lankan strains are phylogenetically composed of fi ve different groups and each cluster was partially associated with climatic conditions. DNA polymorphism analysis and pathogenicity assays were used to characterize strains of Xanthomonas oryzae pv. oryzae and Xanthomonas oryzae pv. oryzicola collected from rice leaves in West Africa. Several methods had been used. In all cases, data showed that African strains of X. oryzae pv. oryzae form a group genetically distant from Asian strains. FAFLP analyses separated the X. oryzae strains into three groups with signifi cant bootstrap values (Gupta et al., 2001) .
Another important factor that should be considered is that although all strains in our study isolated from 4 different rice races but host (rice) diversity had no effect on pathogen genetic diversity. On the basis of the study conducted by Adhikari et al. (1999) in Nepal, diversities of Xoo populations collected from traditional and improved rice cultivars were similar, suggesting that host diversity does not affect pathogen diversity. Based on a comparison of different agroecosystems and cultivars in the Philippines, Ardales et al. (1996) also suggested that host diversity did not strongly affect pathogen diversity.
Taken together, by considering the importance of weather conditions in genetic diversity of strains and because of great difference between conditions that nursery strains are faced with, in comparison to two other populations, high genetic difference between XON and XOF populations and also high genetic identity between XOF and XOP populations can be justifi ed.
Cluster analysis
On the basis of RAPD data a similarity matrix was derived with the SIMQUAL program (NTSYS-pc, version 2.0.1.5., Applied Biostatistics Inc.) using Simple Matching coeffi cient of similarity. The dendrogram (Fig. 1) was reproduced by the unweighted pair group method for arithmetic average (UPGMA) in the SAHN program. The 60 Xoo strains were clustered into 3 clades at a similarity level of 0.6. clade I contained 20 strains just from XON population. clade II contained 20 strains just from XOF population and clade III contained all panicle strains plus some strains from nursery and fi eld. These results of cluster analysis somehow confi rm the results of molecular variance and also the results of genetic identity and genetic distance. Based on cluster analysis strains of nursery, fi eld and panicle grouped into different clades and by considering the great genetic identity of XOP and XOF strains to each other, some of XOP strains grouped into clade III accompany with XOP strains. Also at a similarity level of 0.55, XOP and XOF populations grouped into a clade and this can confi rm the calculated results of molecular variance, genetic identity and genetic distance. Taken together and on the basis of the strains belonged to clades I and II, we can say that the primers which were used in this study are effi cient in differentiating nursery and fi eld strains from each other and this result was predictable because XON and XOF populations had the most genetic distance. Furthermore, clade III contained panicle strains plus some strains from fi eld and nursery suggesting that the primers are not very effi cient in differentiating panicle strains from other strains because of high degree of similarity. Also some bacterial isolates can remain active on rice plants through 3 stages (nursery, fi eld and panicle) or maybe some isolates remain in the form of epiphytic bacteria on rice plants through nursery and fi eld stages and cause losses in panicle stage. The other fact that should be considered is that we used a small population of panicle strains comparing to nursery and fi eld populations. Hu et al. (2007) studied polymorphism among 32 Xoo strains using RFLP and RAPD analysis. RAPD analysis clustered 32 strains into 6 clades at a similarity of 29%. Sixteen isolates of Xoo from India along with 2 isolates from the Philippines were analyzed using polymorphic RAPDs by Gupta et al. (2001) . Based on the resulted data, at a similarity of 0.57, Indian isolates were grouped into 5 different clusters and 2 isolates were loosely grouped with them.
CONCLUSION
We have evaluated genetic diversity in the Xoo population in Guilan province as an initial step to understanding the genetic diversity of the pathogen. The study of such isolates may serve as a platform study for refi ned characterization of new isolates whose racial classifi cation has not been determined. Although our sample size was limited, the results indicated diversity in the population structure for different areas of Guilan province. Our study also showed that RAPD primers utilized in this study were effi cient in differentiating strains. Additional samples are needed to fully understand the population structure. 
